Introduction
Mental health and quality of life among professional American-style football (ASF) players beyond their active playing years has become a key area of interest in sports medicine. Evidence suggests that careers in professional football may be associated with long-term neurocognitive sequelae and mental health problems, [1] [2] [3] [4] [5] [6] [7] and mental health problems may be more prevalent among active and/or former professional ASF players with a history of concussion. 3, [8] [9] [10] [11] [12] In a cross-sectional study of 2,552 members of the National Football League (NFL) Players Association -Retired Section, Guskiewicz and colleagues reported a lifetime prevalence of depression of 11.1% and a positive association between the number of recalled concussions and diagnosis of depression. 8 In a follow-up study of more than 1,000 members of the original sample, Kerr et al. reported a 9-year incidence of depression of 10.2%, with the incidence increasing as the number of recalled concussions increased. 9 In comparison, a nationwide survey determined the percentage of men with current depression in the general U.S. population to be 7.2% for [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] year-olds and 3.4% among those of 60 or more years of age. 13 The Football Players' Health Study at Harvard University is designed to pursue research that can lead to improvements of health and quality of life among former professional ASF players. 14, 15 A core element of our research approach is the close collaboration between scientists, former professional ASF players, and their families when identifying, prioritizing, and pursuing medical problems of interest. Early in the course of the study, our focus groups revealed that, while former professional players are willing to report cognitive difficulties, which are viewed by many as related to repeated impacts to the head during play, they are reluctant to report mental health problems such as depression and anxiety. A recent qualitative study interviewing 25 current and former NFL players together with 27 family members revealed that in 15 interviews concerns around managing mental health challenges created a barrier to seeking support for experienced mental distress. 16 These observations are further supported by the literature. Even though the culture of football may be growing more accepting of self-reported physical injuries during This paper has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. play, 17 the self-report of emotional problems does not seem to have evolved at the same rate. Men, in general, are less likely to report or seek treatment for mental health problems. [18] [19] [20] Former professional ASF players may be even less inclined to report or seek help for non-physical injuries. 21 This is especially problematic, as clinical practice strongly relies on the self-reporting of mental health problems. Moreover, this bias is of immediate clinical relevance, as many former professional players may be experiencing symptoms of depression and anxiety that go unreported to their treating clinicians, particularly considering the high prevalence rates of mood disorders in middle-aged men. 13 Since our focus groups reported a willingness to acknowledge cognitive symptoms, we sought to determine whether the reporting of cognitive symptoms was associated with a diagnosis of depression and/or anxiety. If so, the predictive value of reported cognitive function as related to potentially treatable mental health problems might prove useful to clinicians caring for former professional players as a means of screening for mental health problems. To this end, we analyzed data from an initial intake questionnaire of a cohort study of former professional ASF players and tested the following hypotheses: Former professional players who report daily cognitive problems are more likely to have (1) a diagnosis of depression and anxiety by a health professional leading to prescribed pharmacological treatment, (2) a lower quality of life, and (3) unhealthy lifestyle habits (frequent alcohol consumption, cigarette smoking, and low levels of exercise).
Materials and Methods

Study sample
In February 2015, the Football Players' Health Study at Harvard University identified 14,538 former active professional players who had signed a contract with the NFL between 1960 and 2013 and were no longer listed as active players and believed to be alive and eligible. This start year 1960 was chosen, as the transition to the helmet with a hard plastic shell, which was accompanied by major rule changes, was complete and wellestablished by 1960. Of these 14,538 players, we had potential contact information for 13,403 former professional players, all of whom we attempted to contact. We believe we 
Cognitive function
We assessed cognitive function using items from the Quality of Life in Neurological Disorders (Neuro-QOL) Item Bank v1.0 for Applied Cognition -General Concerns, 23 an established reliable and valid tool for assessing perceived difficulties in memory, attention, and decision-making. Each item describes a cognitive problem (e.g., "I had trouble thinking clearly") and asks respondents to indicate how frequently they have experienced this problem over the past seven days. Answers are provided on a 5-point Likert-like scale including the options "never," "rarely (once)," "sometimes (2-3 times)," "often (about once a day)," and "very often (several times a day)." The item bank provides a total of 18 questions loading on a single latent construct (applied cognition) and allows for selection of items of highest relevance to a target population with the recommendation to use at least eight items in order to reliably estimate the ability reflected by the latent construct. 23 The 11 items used in this study ( Table 2) were pilot-tested on former professional ASF players prior to inclusion in the initial intake questionnaire.
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Mental health
Respondents were defined as having depression, anxiety, memory loss, or attention deficit(/hyperactivity) disorder (ADD/ADHD), if they reported currently taking medication prescribed by a healthcare professional for the treatment of that disorder. We chose this conservative definition, as there are common misconceptions regarding mental health diagnoses among the general population. 24 In addition, we assessed the correlation between cognitive symptoms and self-reported current symptoms of depression and/or anxiety using sum scores on the Neuro-QOL and the Patient Health Questionnaire for Depression and Anxiety (PHQ-4). The 4-item PHQ-4 represents a screening tool for depression and anxiety in outpatient or home settings. Based on self-reported symptom presence over the past two weeks on a 4-point Likert-like scale from 0 ("not at all") to 3 ("nearly every day"), the sum score distinguishes between no (0-2), mild (3-5), moderate (6) (7) (8) , and severe (9-12) depression and/or anxiety, providing a quantitative measure of current symptom severity in addition to the more conservative definition of medical management. 25 Finally, we used the established cut-off of a PHQ-4 score of ≥ 6 for a positive screening result for current depressive and/or anxiety symptoms (moderate to severe symptoms). 26
Quality of life
Quality of life was assessed employing the widely used Global Health Scale 10-Item Bank v1.0/1.1 of the Patient-Reported Outcome Measurement Information System (PROMIS®). 27 The items for general quality of life (Global02), mental health (Global04), satisfaction with social activities and relationships (Global05), and emotional problems (Global10) were answered on a 5-point Likert-like scale with the categories "poor," "fair," "good," "very good," and "excellent." Based on their responses to the Neuro-QOL items, respondents were divided into two groups: (1) former professional players who reported at least one daily problem with their applied cognitive abilities and (2) former professional players who did not report such Journal of Neurotrauma Self-reported cognitive function and mental health diagnoses among former professional American-style football players (DOI: 10.1089/neu.2019.6661) This paper has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. daily concerns, and group differences were assessed using the χ 2 -test. For mental health outcomes, odds ratios adjusted (aOR) for age and sleep apnea, variables known to affect cognitive function, 29, 30 were determined using logistic regression analyses. In addition, to test whether more severe cognitive symptoms are associated with more depressive and anxiety symptoms among those with a diagnosis of depression and/or anxiety, we 
Other measures
Results
Respondents ranged from 24 to 89 years of age (mean age: 52.77 years); 1.2% were American Indian or Alaska Native, 0.3% Asian, 37.5% black/African American, 1.1% Native Hawaiian or other Pacific Islanders, 60.1% white, and 1.7% other. A total of 1.4% identified as Hispanic, 97.8% as Non-Hispanic, and 0.8% chose not to respond. They played an average of 7 seasons in the NFL. All positions were represented (Table 1) .
Of the 3,758 former professional ASF players included in the analysis, the majority reported at least one cognitive problem in the preceding seven days ( Table 2 ). More than a third (n = 1,502; 40.0%) reported experiencing at least one cognitive problem on a daily basis, whereas 2,256 former professional players (60.0%) did not report any daily cognitive problems. Former professional players with daily problems in cognitive function were more likely to have a diagnosis of depression, anxiety, memory loss, and ADD/ADHD (Table   3 ). These effects remained significant after adjusting for age and sleep apnea: depression: aOR = 6.17, 95% confidence interval (CI) This paper has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. 6 .52]; memory loss: aOR = 21.13, 95% CI [11.57-38.58]; and ADD/ADHD: aOR = 4.73, 95% CI [3.22-6.95].
Among former professional ASF players diagnosed with depression and/or anxiety who also completed the PHQ-4, we found a linear relationship between Neuro-QOL and PHQ-4 sum scores, indicating that in this subgroup, worse cognitive function was associated with more pronounced depressive and anxiety symptoms, r s = .65, p < .0001.
Also, among former professional players with a diagnosis of depression and/or anxiety who did not report significant current depressive and/or anxiety symptoms, 52.2% reported daily cognitive concerns. This percentage was smaller than the percentage of former professional ASF players with a diagnosis of depression and/or anxiety who also reported current depression and/or anxiety (90.3%; p < .001), but larger than the proportion of former professional players who were not diagnosed with depression or anxiety and did not report current moderate to severe depressive and/or anxiety symptoms (27.3%; p < .001). In addition, former professional players with a diagnosis and significant current depressive and/or anxiety symptoms differed from those with neither the diagnosis of anxiety and/or depression nor current symptoms (p < .001; Figure 1 ).
Compared to those without daily cognitive problems, former professional ASF players with problems in memory, attention, and/or decision-making on a daily basis also reported a lower general quality of life, poorer mental health, less satisfaction with social activities and relationships, and more emotional problems (Table 3 ). Finally, former professional players experiencing daily problems in their cognitive function were more likely to be smokers and reported exercising less than an hour per week. No difference in the report of alcohol consumption was found between groups (Table 3 ).
Discussion
Former professional ASF players who experienced daily cognitive problems had higher odds of also carrying the diagnosis of at least one of the following: depression, anxiety, memory loss, and ADD/ADHD compared to those who did not report day-to-day cognitive issues (Hypothesis 1). An additional analysis in the subgroup of former professional players diagnosed with depression and/or anxiety showed a linear correlation Journal of Neurotrauma Self-reported cognitive function and mental health diagnoses among former professional American-style football players (DOI: 10.1089/neu.2019.6661) This paper has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. between the extent of cognitive problems and the severity of depressive and/or anxiety symptoms, suggestive of an association between cognitive and emotional problems in this population. Furthermore, we observed that among those former players with a diagnosis of depression and/or anxiety but no significant current depressive and/or anxiety symptoms, the percentage of those with daily cognitive concerns was almost two-fold higher than in former players without a diagnosis or current report of depression and/or anxiety (52.2% vs. 27.3%, respectively). In former players with a diagnosis of depression and/or anxiety and current experience of moderate to severe symptoms, the percentage of those with daily cognitive problems was as high as 90.3%. This finding could be interpreted as an increased vulnerability for current daily cognitive concerns in those with a diagnosis of depression and/or anxiety, even in the absence of current symptoms (e.g., due to successful pharmacological management). In addition, compared to past players without day-to-day cognitive problems, former professional ASF players reporting daily cognitive concerns reported a lower quality of life (Hypothesis 2) and were more likely to smoke and engage in exercise at a lower level (Hypothesis 3).
If former players are, in fact, reluctant to disclose mental health symptoms but willing to report cognitive symptoms, then the assessment of cognitive difficulties might be used as a means of identifying a group of former players at risk for depression and anxiety -conditions known to reduce quality of life, for which effective treatments are available when diagnosed. Previous studies suggest that high-level football players are reluctant to seek help for mental health problems, and links have been drawn to hypermasculinity and long-time exposure to a value system reinforcing masculine concepts, such as competition and toughness. 21, 31 Given the reliance on the self-reporting of symptoms in making the diagnosis of mental health problems, this potential underreporting of symptoms increases the risk that former players with depression and anxiety will go un-or misdiagnosed. If, however, former players are more likely to report cognitive symptoms, the assessment of cognitive function could be used to identify former players at higher risk for mental health problems. While further research is needed, the combination of questions chosen for this study (Table 2) This paper has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. players (and individuals from similar professional groups) might be reluctant to raise with their clinicians, specifically mental health problems, even if these problems are not initially endorsed.
The close link between cognitive problems and depressive and anxiety symptoms in former professional ASF players shown in this study is in alignment with previous reports of a close relationship between the cognitive and emotional domains in other populations.
Cognitive impairments are frequently reported in patients with a diagnosis of depression or anxiety. 32, 33 They have been shown to represent a marker of disease severity with the extent of cognitive problems being correlated with symptom severity and illness duration. 33, 34 The current data represent an association and do not allow for inferences about causation. We cannot determine whether among former professional ASF players, cognitive problems lead to mental health challenges, such as depressive and anxiety symptoms, whether mental health problems cause cognitive impairments, or whether third factors, such as injuries, cause both cognitive problems and mental health challenges.
Previous studies, however, suggest that cognitive impairments often precede and predict emotional symptoms. [35] [36] [37] Failure to suppress engagement with threatening stimuli (anxiety disorders), to disengage from mood-congruent thoughts or external stimuli (depression), and to apply emotion regulation strategies (both depression and anxiety disorders) -all relying on adequate cognitive function, may represent key contributing factors to developing and maintaining depressive and anxiety symptoms. 38 Moreover, alterations in structure and function of neural networks subserving cognitive function represent a transdiagnostic core feature linked to the emotional psychopathology, providing a biological mechanism underlying the behaviorally observed link and its generalizability across mental disorders. 39, 40 While further studies are required to Our findings must be considered in light of the study's limitations. First, we relied on self-reporting for the determination of daily cognitive problems. Therefore, we cannot confirm that such self-reports accurately reflect true cognitive deficits. Previous literature, however, suggests that self-reported cognitive problems indicate developing cognitive problems even before standard neuropsychological testing captures them. 41 In addition, our self-report measure of cognitive function was defined through the use of a unique selection of questions from the Neuro-QOL Item Bank, 23 which is an established reliable and validated assessment. In this population, however, it is possible that their selfperception of cognitive difficulties has been affected by widespread media reporting about later life cognitive problems in former NFL players. Second, we included in our definition of mental health outcomes self-reports of prescribed medications for the according mental health condition or recommendations for such medications. Therefore, there were likely respondents who had these conditions but were recommended only non-pharmacological therapies. Because the information on symptoms and diagnoses were collected simultaneously, we cannot infer the directionality of these findings. Third, our sample represents 28.6% of eligible, potentially contactable former players. While this response rate is similar to previous surveys of professional athlete cohorts, 42 the possibility of a bias among the cohort cannot be excluded. Finally, additional factors, such as financial stability, socioeconomic status, self-perceived social status and support, and loss of a meaningful group role might play a role in the development and maintenance of and support-seeking for mental health challenges and might be useful to include in follow-up studies.
Our study reveals that daily cognitive problems are strongly associated with depression and anxiety among former professional ASF players. Therefore, as a primary care provider or sports medicine expert, it is important to remember that when www.healthmeasures.net/explore-measurement-systems/promis) 27 or the PHQ-4 (used in this study). 25 University, which is in turned sponsored by the NFLPA. Please note that the NFLPA had no role in: the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication. Other authors report that no potential or actual competing financial interests exist.
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